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Diagnostic strategy for pulmonary tuberculosis in a 
low-incidence country: Results of chest X-ray and 
sputum cultured for Mycobactevium fubercdosis 
J. T. R. WILCKE AND A. KOK-JENSEN 
Department P of Pulmonay Medicine, Bispebjerg Hospital, Copenhagen, Denmark 
The referral centre of tuberculosis in the municipality of Copenhagen, Denmark was the setting for this 
study, which aimed to assess the diagnostic strategy (chest X-ray and clinical mycobacteriology) in 
pulmonary tuberculosis. 
Patient records and chest X-rays were examined for all patients who had sputum or gastric lavage 
examined for Mycobacterium tuberculosis (Mtb) from 1 January 1992 to 30 April 1994. All chest X-rays 
were re-evaluated by a trained lung specialist, who did not know the results of sputum culture. 
Evaluation was referred to one of seven X-ray categories, and compared to the results of culture. 
Culture of sputum or gastric lavage were positive for Mtb in 54 (14%) of 392 patients; in 61% of 59 
patients with X-ray changes thought-to be due to tuberculosis (TB); in 20% of 51 patients with X-ray 
changes compatible with TB; in 14% of 35 patients with previous TB and radiographically active TB; in 
2% of 103 patients with previous TB, but not radiographically active TB; in 1% of 112 patients with 
X-ray changes thought to be due to other disease; and none out of 32 patients with normal X-ray. 
Even in this highly selected material, it is relatively expensive to find the very few cases of active TB 
in patients with chest X-ray changes not suspected to be due to TB. It is recommended that: (1) 
examination of sputum for Mtb should always be preceded by X-ray of the chest in a low-prevalence 
country; (2) routine culture of sputum for Mtb is restricted to patients with X-ray changes typical or 
compatible with active TB; and (3) exceptions to this general rule should be made on the basis of the 
indi;idual’s clinical history. 
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Introduction 
Routine investigations in establishing diagnosis 
of a contagious disease are influenced by fre- 
quency and seriousness of the disease, conse- 
quences of failure or delay of diagnosis for 
spread of the disease, local laboratory facili- 
ties, and relative price and predictive value of 
diagnostic tests. 
The general rule in diagnosing pulmonary 
tuberculosis (TB) used to be that a patient with 
cough or expectoration for more than 4 weeks, 
should be examined for TB by smear and culture 
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of sputum. Reflecting the low incidence of TB in 
Denmark today (I), this routine led to an enor- 
mous number of sputum cultures negative for 
Mycobacterium tuberculosis (Mtb) and rela- 
tively few positive results. Consequently, the 
routine has been changed. In the authors’ clinic, 
all patients with longlasting cough are examined 
by chest X-ray, and sputum is only examined by 
smear and culture for Mtb if the chest X-ray is 
abnormal and another diagnosis is not obvious. 
The present study was performed to examine 
whether the indication for culture of sputum for 
Mtb could be further restricted, without loss of 
positive cases. 
Materials and Methods 
Hospital records and chest X-rays were exam- 
ined for all patients in the outpatient lung clinic 
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who had a clinical mycobacteriology performed, 
i.e. smear and culture of sputum or gastric 
lavage for Mtb, from 1 January 1992 to 30 April 
1994. A trained chest physician evaluated chest 
X-rays retrospectively, without knowing the 
results of Mtb culture, and referred patients to 
one of six chest X-ray categories: 
(1) Pulmonary TB: X-ray changes highly sus- 
pected to be active TB. Typical radiographic 
patterns of re-activation and primary pulmonary 
TB were included in this category. 
(2) Pulmonary TB observation: X-ray 
changes compatible with active TB. 
(3) Previous pulmonary TB with radiographic 
activity: X-ray thought to be typical of healed 
TB, with or without a clinical history of TB, with 
changes compatible with re-activation. 
(4) Previous pulmonary TB without radio- 
graphic activity: X-ray thought to be typical of 
healed TB, with or without a clinical history of 
TB, but without X-ray signs of re-activation. 
(5) Pulmonary changes of unknown origin: 
X-ray changes thought to be of chronic 
character, but not due to TB. 
(6) Normal X-ray. 
X-ray categories were correlated to results of 
smear and culture of sputum/gastric lavage on 
day of examination. 
In Denmark, all mycobacteria culture exami- 
nations are centred in one laboratory in Statens 
Seruminstitut, Copenhagen. In this central regis- 
ter, it was checked whether culture-negative 
patients developed bacillary TB during 2 yr of 
follow-up. Routinely, three sputum specimens 
(or gastric lavage, if the patient was not able to 
expectorate) were examined for Mtb by smear 
and culture at each occasion. Patients known to 
be HIV-positive were not included in the study. 
The study was approved by the local Ethics 
Committee of Copenhagen. 
Results 
Initial culture of sputum or gastric lavage were 
positive for Mtb in 54 (14%) of 392 patients 
(Table 1) (age range 2-88 years, average 49 
years). According to X-ray category, the 54 
patients positive for Mtb by culture were distrib- 
uted with (Table 1): 36 of 59 (61%) patients in 
Group 1 (X-ray changes thought to be due to 
TB); 10 of 51 (20%) patients in Group 2 (X-ray 
compatible with TB); five of 35 (14%) patients in 
Group 3 (previous TB, with radiographic sign of 
activity); two of 103 (2%) patients in Group 4 
(previous TB without radiographic activity); one 
of 112 (1%) patients in Group 5 (radiographic 
changes not thought to be due to TB); and none 
of 32 patients in Group 6 (normal X-ray). Initial 
smear was positive in 30 patients (Table 1). 
During 2 yr follow-up, eight of 338 (4%) 
patients, initially culture negative, turned 
positive (Table 1). 
The 392 patients had 989 samples (sputums or 
gastric lavages) examined by smear and culture 
(=2*5 specimens patient - ‘) (Table 1). Of the 54 
patients with active TB (at least one sample 
positive by culture), not all samples were positive 
by culture in 24 patients. In Fig. 1, sensitivity vs. 
1 - specificity for each possible cut-off of chest 
X-ray categories is shown graphically by a ROC 
curve (receiver operating characteristic curve). 
Discussion 
Tuberculosis has become a rare disease in 
Denmark, but reports of increasing incidence of 
TB in many other Western countries (2) serve as 
a reminder of the importance of high quality in 
diagnosis, treatment, screening of contacts and 
follow-up of patients with this serious disease. 
Several studies have emphasized the problem, 
with increasing delays and a number of mis- 
diagnoses of not only ‘unusual’, but also far- 
advanced, TB, due to a shift in the care unit of 
the TB patient to community hospitals, and 
decreasing experience with TB (3). 
Another problem is economy; when is it 
reasonable/necessary to examine sputum for 
Mtb, and when is it a waste of money? To 
approach these problems, it is essential, in both 
high- and low-risk situations, to have an esti- 
mate of the chance of demonstrating Mtb in 
sputum in different patient categories, to know 
the cost of Mtb examination by smear and 
culture, and to evaluate the consequences of 
missing some TB patients due to a restrictive 
policy for sputum examination for Mtb. 
Suspicion of pulmonary TB may arise from 
symptoms of low specificity; symptoms which in 
a low-incidence country are mostly due to other 
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TABLE 1. Chest X-ray category for 392 patients examined for Mycobacterium tuberculosis (Mtb), and results of 
smear and culture of sputum or gastric lavage in relation to X-ray category 
Chest X-ray category 
Patients 
TB Previous Previous Infiltrate of 
TB observation TB + active TB - active unknown origin Normal Total 
Examined for Mtb 
(% of total) (&) 
Negative by culture 
(% of total*) (%I) 
Positive by culture 
(% of total?) (6%) 
Positive only by culture 
(% of category) (2%) 
Positive by smear and culture 24 
(% of category) (41%) 
Samples examined for Mtb 161 
(% of total) (16%) 
Occurrence of positive culture 1 
in initially culture-negative (2) 
patients 
(n, range in months) 
(l&J) 
(&) 
(SO) 
(l& 
(2;)) 
136 
(13%) 
(12-323) 
35 
(9%) 
30 
(9%) 
5 
(9%) 
(3;) 
(115 
(Z) 
w: 
103 
(26%) 
101 
(30%) 
(302) 
244 
(25%) 
(1 l-:4) 
112 
(29%) 
111 
(33%) 
(Pi) 
285 
(29%) 
(R, (lzo) 
(Z) (1Z) 
(lOL7) 
(zi) 
(k, 
(& (lt& 
(2-;4) 
*Percentage is equal to 1 - specificity of chest X-ray category. 
fpercentage is equal to sensitivity of chest X-ray category. 
TB, pulmonary tuberculosis, +/ - active, +/ - radiographic sign of active TB. Mean age: 49.3 years (47,451, 1 
95% confidence interval). 
lung diseases. Chest X-ray examination is the i ‘i 
next step in the differential diagnostic procedure. 
Decision on examination of sputum for Mtb 
should not be routine, but should depend on 
interpretation of chest X-ray. 
In accordance with a similar study in 8 60- 1 
Copenhagen in 1976-1978 (4) the authors found h 
positive sputum culture in 20-61x of patients 2 
with radiographically suspected active TB 2 m 40- 
(X-ray Groups l-2) (Table 1). In contrast, only m 
l-2% have Mtb in sputum culture if chest X-ray 
is evaluated to be previous TB without radio- 20 - 
graphic sign of activity or abnormalities prob- 
ably unrelated to TB (X-ray Groups 4 and 5) 
(Table 1). The ROC curve shows that a lot of I I I I 
0 20 40 60 80 1;o 
1 - specificity (%a) 
(for each X-ray group, l-6) 
patients (n=247) in Groups 4-6 (1 - specificity) 
had to be examined to increase the sensitivity by 
5% and find three TB patients. These three TB 
patients belonged to TB high-risk groups and 
would easily be identified by using clinical data 
together with chest X-ray appearance; one 
patient was previously exposed to Mtb and two 
were immigrants from high-incidence countries. of sputum for Mycobacterium tuberculosis. 
FIG. 1. Receiver operating characteristic curve 
(ROC curve): a graphical approach to show best 
cut-off of diagnostic test (X-ray Groups 1-6) to 
achieve high sensitivity and specificity to diagnose 
pulmonary tuberculosis, and decide on examination 
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Depending on the local epidemiological and 
clinical situation, one may choose different cut- 
off points on the ROC curve, and decide to 
examine sputum for Mtb only in chest X-ray 
Groups l-3 or also in Groups 46. In a low- 
incidence country such as Denmark with good 
X-ray facilities, including an experienced 
interpretator/radiologist, the authors think it is 
possible to restrict Mtb sputum culture to a 
high-risk group with chest X-ray changes sus- 
pected to be due to or at least compatible with 
active TB (X-ray Groups l-3). A realistic goal is 
that 1520% of all sputums examined for Mtb in 
Denmark should be positive by culture. 
In Denmark, 494 patients were treated for TB 
in 1994 (incidence 9.7000 000) (l), and the TB 
diagnosis was confirmed by culture of Mtb in 
83%. About 20 000 specimens are examined for 
Mtb each year and about 8% are positive by 
culture. In Denmark, each sample examined by 
smear and culture for Mtb costs 65 U.S.$ if 
negative and 180 U.S.$ if positive. In total, Mtb 
examinations cost about 1.5 million U.S.$ and 
more than 3000 U.S.$ for each TB patient 
found. If sputum is not examined for Mtb in 
patients with chest X-ray changes unlikely to be 
due to TB (Groups 4 and 5, 59%), about 
770 000 U.S.$ (59% x 20 000 x 65 U.S.$) could 
be saved each year in Denmark. 
The present study does not allow any conclu- 
sions on patients with normal chest X-ray, since 
the general rule was not to examine sputum for 
Mtb in these patients. Other studies in patients 
with pulmonary symptoms and normal X-ray 
have found less than 0.01% positive for Mtb (4). 
Normal chest X-ray in patients with Mtb in 
sputum has been reported from 0 (5) to 3-5% 
(3,6). About 1% of Mtb cultures are false posi- 
tive due to contamination, even in good labora- 
tories (7,8), and in some settings, the number can 
be up to 16% (9). Restriction fragment length 
polymorphism analysis (RFLP) appears to be an 
effective tool in identifying false-positive cultures 
of Mtb, and minimizes the problem in labora- 
tories (9). In patients with little clinical evidence 
of TB (such as normal chest X-ray) and only one 
sputum sample positive for Mtb out of several, 
the TB diagnosis should be re-evaluated. 
In 24 of the 54 TB patients, not all examined 
specimens were positive for Mtb, highlighting 
the importance of not excluding TB due to a 
single negative sputum examination. Positive 
culture in only one out of several samples is 
more often seen in patients without cavities, and 
in patients with minor radiographic changes 
compatible with TB; X-ray Group 2 (70%) com- 
pared to X-ray Group 1 (25%). Although the 
best cost-benefit number of sputum examina- 
tions for each patient has not been studied 
specifically, the present results are in good line 
with other studies, such as the Hong Kong study 
(lo), and the WHO recommendation (11) that 
less than three sputum examinations for Mtb is 
insufficient to rule out bacillary TB. 
During 2 yr follow-up, eight patients belong- 
ing to X-ray Groups 14 with primarily negative 
Mtb culture developed bacillary TB, with only 2 
months of latency in Group 1 and approaching 
2 yr in Groups 2 and 4. Another study in 
Denmark found that 29% of patients with chest 
X-rays arousing suspicion of TB, but with three 
initial negative cultures, will have sputum culture 
positive for Mtb during 5 yr follow-up (12) in 
contrast to 60% or more in high-incidence 
countries (10). In some cases, a fairly intensive 
control is needed with repeated chest X-ray (and 
sputum cultures) every 3 months for the first 6 
months and every 6 months for the following 
3.5 yr to prove or disprove activity (12). Alter- 
natively, one can choose to perform invasive 
diagnostic procedures, such as bronchoscopy, or 
initiate treatment without bacillary proof of 
active TB. The specificity and cost-effectiveness 
of these different procedures may be included in 
the decision about whether to reduce culturing 
sputum (13). 
In summary, this study found that in a TB 
low-incidence country, it should not be routine 
to examine sputum for Mtb if a trained lung 
specialist evaluates the chest X-ray to be: 
(1) Previous TB without radiographic sign of 
activity; 
(2) Abnormalities probably not related to TB; 
or 
(3) Normal. 
These X-ray categories only need to be exam- 
ined if the patient belongs to a high-risk group, 
i.e. persons with recent exposure to Mtb, immi- 
grants from high-incidence countries, homeless 
people, drug and alcohol abusers, poor urban 
population with crowded living conditions 
(14), patients who have previously received 
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insufficient anti-TB chemotherapy (15) and 
patients with predisposing disease such as dia- 
betes, immunodeficiency and, especially, HIV 
infection. With this in mind, the clinician can 
often identify the very few TB patients with chest 
X-ray changes unusual for TB, even with a 
restrictive policy of sputum examination (16) 
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